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ABSTRACT 

. Solution alternatives in the form of flowcharts are presented 
for a set of tasks relevant to primary level science currlculijun, 
Thg fundamental processes to which the steps in the flowcharts 
refer are briefly defined in psychological terms. These processes 
represent hypothesized skills underlying performance of the set of 
tasks analyzed. Irpplicatione of the analysis for instructional design 
are discussed. 
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A SKILL ANALYSIS OF SELECTED PRIMARY LEVEL SCIENCE TASKS 
Edward L. Smith, Janis J* McClaln and Sharif Kuchenbecker 

An analysis of scientific inquiry behavior for constructing a 
primary level science progarm could be carried out in many ways and 
at many levels. One could examine the behavior of mature scientists, 
teach games which mimip experimental procedures, analyze traditional 
topics such as deduction and induction, examine the strategies of 
children, or conduct studies to optimize commonly used science 
instructional techniques. Rather. than proposing extensive 
behavioral analyses or reworking old instructional solutions, we 
have concentrated jon identifying frequently occurring classes of 
concepts (content analysis) , specifying tasks relevant to those 
'classes of concepts (task analysis), and describing solution alter- 
natives for those tasks in the form of flowcharts. 

If these solution alternatives are adequate, then the flowcharts 
specify what must be learned in order to carry out certain kinds of 
scientific inquiry. The flowcharts are not general models of children 
thinking or descriptions of how children typically perform the tasks. 
Rather, they are descriptions of supposed minimal cognitive events 
by which the tasks might be successfully executed. The capability 
of carrying out these events r.epresents possession of "Inquiry skills. 
The development of such capabilities^or skills is the goal of instruc- 
tion in scientific inquiry. The preparation of descriptions of them 
is the main function of skills analysis. Appropriate sequencing and 
instructional procedures remain to be specified. ^ 



The distinctions between the different levels of analysis of 
performance that we distinguish are illustrated with the following 
example (see Figure 1). A child is presented with a set of six 
com seedlings (A-F) growing in similar containers, and is instructed 
to "order them according to their height" (see Figure la). After 
a quick visual scanning of all the plants, the child selects 
two (C and E) , places them next to one another, and looks at them* 
He then selects a third (A) and plli^es i't, in turn, in front of each 
of the first two. He then adjust.s the first two making room to place 
the third between them. The three are properly ordered In height 
(see Figure Ic). T^e next plant selected (D) is somewhat shorter 
than the others. The child places it in line next to the shortest 
of the ordered plants and, after looking at both, selects another 
new plant (F). The child first places this plant in front of the 
next-to-the-tallest plant (A). The new plant is shorter. He then 
places it in front of the next shorter plant (E) After looking at 
those two plants, he places the new one between the two with which 
he had compared it (see Figure le). He then takes the sixth plant 
(B) and places it in front of the nextrto-the-smallest plant in the 
row (E) and looks at them. The new plant is taller. He moves the 
plant to the next taller plant in the row. This plant is very nearly 
the same height as the new one. After looking back and forth for, 
some tl-me, the child adjusts the new plant so it is directly in 
front of the plant in similar height. After looking around the 
table, the child turns and, with a shrUg and a sigh, says "There!" 



The performance described above be analY:ied at three levels. 

^ ' ^ A 

The task , described- apart from the Content, was to produce a set of 

i 

elements ordered on , a variable given the unordered elements and the 
name of the- variable. The content involved Included the "height" 
Conceptual system and the corn^planfcs with, their respective heights. 

Important skills involved Vn the performance Qf the task are . 
identified in the diagram in Figure 2. The boxes represent hypothesized 
individual processings steps required for performance. These include 
decoding of verbal input, visual 'scanning and search, retrieving of 
information from long-term memory, utilizing .spatial position to 
^ represent order, and others. These processes are described in more 
detail in a later section of this paper. The sequence of processing 
Steps, on the other hand, represents an inferred strategy for carry- 
ing out the performance utilizing the component processes. The 
strategy is analogous to a computer program which the individual 
constructs, largely from stored information*, in order to perform. 

Execution of the illustrated strategy represents one relatively 
efficient and effective means for carrying out the task on any 
appropriate content. The strategy results in constructing a spatially 
ordered subset which, no matter h'ow many elements remain to be ordered, 
is properly ordered on the ordering variable. Further, only one new . 
element is introduced at a time. These features result in a minimum 
memory load. The strategy allows educated guesses as to" where in the 
sequence a new element will fall without resnlting'in erroneous 
ordering if the guess is inaccurate. This alIov;s reasonably efficient 
performance without high risk of error. 








DECODE 

virlab 

nsrae 


Le 




SCAN 
eltmcntt 



CHOOSE 

«n unused 

element 



DESIONATE 

element «■ 
n member 



CHOOSE 
• M«bcr 



SCAN 
■embers 



CHOOSE 
«n unused 
element 



perform 
SBRIATION 
on element 
end »enb4r 



0^002 


K 


next 


ftreeter 


neabi 


r 



rosiTioN r 

element on 
greeter elde 

gf. «!H>f r 





POSITION 
MHiber In 
original 
poeition 



SCA> 




memfc 


ere 



DESIGNATE 
element ee 
a m«nber 



CHOOSE 




next less 


member 





Yes 




POSITION 
element on 
less side 
Qf igabftr 



DESIGNATE 
element ea 
B member 



POSITION 
element the 
eeae ee the 
member 



SCAN 
elements 




Yee 



Klgure 2, 



Froreiislng routine for the dircctnd nerfation («iik. 



The processing routine illustrated above, and the others reported 
in the present paper weri^ devised as reasonably simple, efficient and 
reliable approaches for carrying out the respective tasks. They do 
not represent inferences as to how children (or adults) typically \ 
do perform the task. Rather, they represent la preliminary specifica- 
^ tion of how children might perform the tasks following appropriate 
instruction. As sudfi, they are subject to modification on the basis^ 
of empirical studies. 

FUNDAMENTAL PROCESSES INVOLVED IN THE ROUTINES 
Analysis of the skills with which a specific task may be performed 
involves th^ specif ication of a sequence of processing steps. A par- j 
ticular processing step is described as acting upon certain input 
information by transforming it or using it to obtain other infomation. 
The output of the step it the new or transformed information. Xn , ^ 
specifying a processing step for a given task, the kind of process. 
Involved is identified by naming a fundamental process whose general 
nature hna been previously described elsewhere, the descriptions of 
these fundamental processes represent hypotheses based on current 
psychological knowledge. Fundamentill processes are ftirther divided 
into primary, secondary and tertiary processes. A projcessing step * 

V '* 

f 

involving a primary process represents what, for purposes of the 
analysis at least, is considered to be a unitary skill, e.g., decoding 
i\ variable name (e.g., "height") in Figure 2. Secondary processes are 
frequently recurring sequences of primary processinf? steps, e.^., the 
SERIATION process in Figure 2. Tertiary processes may be defined in 
terms of-' both primary and secondary pi/ocesses. 



The coordination of a*^ set of processing steps into a functioning 
system represents a skill of a different type, Such coordinating or 
directing skills will be referred to as strategies. They can be thought 
of as control programs, which call upon the fundamental processes as 
needed. An individual who had acquired the strategy described lii the 
flowchart in Figure 2 would perform the seriation task in a manner such 
as presented in the above example. In the following sections, fun- 
damental processes are defined and briefly discussed in terms of the 
theoretical point s-of- view they reflect. 



PRIMARY PROCESSES RELATED TO LONG TERM MEMORY 

c / ^ / 

Several processes involve gaining access to information' available 

in the individual's long-term memory. The demands made on a model of 
long term memory in defining the primary processes include specification 
of the nature of the Information stored, the kinds of information which 
can be used to gain access to stored information, and the major process- 
ing steps distinguished. 

Krl jda (1972) describes a model of long-term memory, some version 
of which is utilized in nearly all information processing theories 
and simulations. According to this view, information stored Is an 
associative network of items or ^odes, etch leading to any number of 
other nodes-the associations of .the first node. The stored items or 
nodes are generally considered to be concepts or ideas themselves 
rather than ^ames used to ^efer to them or images exemplifying them. 
Although this is a somewhat^^ague position, the important point seems 
to be that what ia stored is n^t words or images but rather information 
from whldh words, images and actions are reconstructed, as proposed by 
Neisfltr (1967). Thus, orice activated or accessed, a node makes 
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immediately available a number of operational options. Nodes are 
accessible by way of other nodes to which they are linked, by way of 
items or stimuli that in some sense resemble them (i.e., that resemble 
some level of reconstruction), or through the decoding of labels that 
refer to th|m. 

DECODE ' ' 

This is the primary process by which an associative network 
is entered by way of a verbal label for one of the constituent concepts 
The input for the process is the verbal label. Decoding of the lat 
results in the activation of a concept or node in the network. This 
does not q'ecessarily result in the reconntruction of images, actions, 
or verbal entities. In effect, the DECODE process opens the way to 
many possibilities, but it remains for the next step(s) to take 
advantage of one or more of them. The possibility that the^ndi- 
vidual is set to perform another step which then follows automatically 
from the decoding need not concern us here. The point is that access 
to the storage network must be gained at a result of processing the 
verbal label. This is the function of the DECODE process. 

^ RETRIEVE 

Once a node in an associative network has been activated, e.g., 
by DECODE, access is gained to other nodes in that network. 'However, 
some directing process insures that the appropriate node(s) is 
activated next. This involves the RETRIEVE primary process. The 
nature of this directing mechanism is not further elaborated here. 
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At present it seems sufficient to say that it is capable of directing 
the RETRIEVE process to a connected node which is related to the 
original node in a specific way. Thus, the input of RETRIEVE can be 
characterized as one concept and its output as another. Just as was 
the^case with DECODE, RETRIEVE does not output any Images, words or 
actions although it does make such further steps an immedia*&ely 
available option. RETRIEVE can usually avoid retrieving a recently , 
retrieyed node through short term recall of associated information. 
This allows the process "to recycle" efficiently until appropriate 

\ . ■ ^ ' 

information is obtained. . * 

INPUT STIMULUS ANALYZING PRIl^iARY PRDctsSES 

Several primary processes are defined which seek and analyze 
input. Input is viewed as containing an enormous amount of informa- 
tion, only a portion of' which is attended to or detected by the 

\ 

individual on a given occasion. Analysis of the input is viewed as 
taking place at different levels, each level involving its own ui^^ue 
kind of processing. Preattentive processes have a large capacity for 
parallel activity. They construct perceptual "objects" in a figure- 
ground differentiation sense. These processes are limited, however, 
in the -level of detail and precision they represent. Basically, they 
signal when more detailed analysis of particular input by other 
processes is warranted. The higher level processes which require 
attention are linear. They construct detailed images and are more 
teltctive. 



i 



SCAN - * 

^ ^ This is a pHmary" process which represents a rather cursory, 
largely visual, ^irplorati9n^of the stimulus field. It establishes 
a figure-ground differentiation of objects and d^acts_a fev salient 
features which may enter ■hort-terji store. However, only partial 
information is obtained^ even in the visual' modality. . Detectibn of— - 
certain salient and/or relevant features uaiually terminates the SCAN 
process, or at least delegates it t6 a background role, ■ and^ triggers 
some attentive processing.^ Thus, the input to SCAN is undifferentiated 
-stimulus information while the oytput is one or more~ differentiated ^ 
perceptual objects. In most cases, many features which are relevant 
from a formal, point-of-vicw are not detected by SCAN. 

if 

CHOOSE \ 

This is a primary process which operates on a set of stimulus 
objects previously differentiated, e.g., by SCAN. The output is one 
object which then becomes the focus of attention. The ctiteria for 
thiH Hclortlon are not formal. Rather, such factors as visual accessi- 
bility, proxlmlly to the obse^ver^ and the relative sallency of, detected 

^\ 

features are employed. From a formal point-of-view, the process is 
essentially a random selection. One exception is that CHOOSE can 
usually avoid selecting previously' chosen objects by utilizing feature 
information stored in short-term memory. This information may well 
be otherwise irrelevant to the task at hand, . 



ACT ' • * ' \ 

Tlvls is' the process of acting on an cAJect in such a manner as 
to obtain ja particular kind of int>ut (e..g., color or temperature 
information). * ^l^"" might involve orientation ^of the required organs, 
expjraispor/ movements such as visual scanning or tactile exploration, 

*^nd/or manipulation olf objects* such as hefting or squeezing.^ Per- 

s - 

formance of ACT requires a prior retrieval' of the appropriate action 

^ ' \ ■ ' " 

,from long-tcnn memory,, i.e. ,^ activation of tlie observation actloji . 

node i/an '^^sociative network. This activation makes available the 

information from which a control program can be reconstructed. For 

.present purposes, no distinction will be made between the co^istruction 

and execution of the program and ACT will be treated as a -primary 

j)roccs8!^ It. may\;(entually prove necessary or useful to break it 

down, further. The input for ACT includes the observation action ^ 

concept and^the differentiated object 'on which the action is to be 

performed. The output is the resulting input to the individual. 

Analysis of the*4.nput is carried out by other processes. 

SELECT 

This is a primary process/which sorts relevant information from 

irrelevant. In particular, it '^f liters out almost all information 

excet5Trfor that for the variable (or variables) judged relevant to 

..the task at hand. Thus, the .input is undifferentiated input and the 
^ i . ^ \ 

vaViable concapl:. The^utfut is information on the relevant variable 

about the perceived objec^t. -ActuaUx, the process Is not simply a 

next step folltTwing complete execution of ACr> father, alonp with 
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ACT it forms-an active syst^ with a feedback capability which 
^allows modification of the detailed functioning of ACT until the 
appropriate input has been made available. This represents"' a 
monitoring function of SELECT. Such feedback mechanisms ^re 
probably involved in many primary^ processes.. The large^umber 
makes it cumbersome to make them all explicit in the task routine. 
Thi^ aspect of the primary process is probably important to keep 
in mind, however. 

ENCODE 

This primary process analyzes in detail information which hi*s 
been attended to, e.g., as a result of SELECT. The general nature ^ 
of the information has already been determined (note the nature of 
ACT and SELECT) and it remains for ENCODE to make a determination 
about this specific case. For .example, ' ENCODE might be preset to 
analyze texture information. ACT and SELECT have made such informa- 
tion available. ENCODE determines whether or not the texture 
information^ Is novel and, if ;iot, categorizes it in some manner 
based on previously experienced texture information. If the Informs- 
tidn is novel, a new category is created. Thus, ENCODE involves 

long-term memory. In terms of an associative network, the analysis 

/ 

of texture information activates a node representing a texture value 
concept or else forms a new node paralleling other texture value nodes. 
The input for ENCODK la selected non-verbil sensory information. The 

4 

output Is a value concept (the activation of a node). Undoubtedly, 
some additional contextual information about the experience will e^ter 
short-term memory. Some may also enter long-term memory. 



^ OTHER PRIMARY PROCESSES 
I CO MPARE 

i I This primary process .determines the comparability of two encoded 

units of information, e.g., encodings of texture information for two 
objects. COMPARE essentially monitors the node or nodes activated as 
a result^ of the encodings. If the same node is activated on both 
occasions, a judgment of comparability is' made. If different nodes 



arc activated^, a judgment of non-comparability is made. The output of 
COMPARE can itself be viewed as the activation of a node in k networlc. 
This network includes nodes corresponding to the conjcepts "same" and 
"different" (and perhaps otherrK The activation of one of these 
nodes makes immediately available certain operational alternatives 
including verbal output. The particular alternative to b0 executed,, 
if any, is determined by some controlling mechanism which represents 
the strategy being employed by the; individual. 

PLACE j ^ 

Thft primary process involves a spatial placement of an element 

to Indicate its membership in a set. The criterion for placement is 
unspecified In the process Itself although it will usually be retained 
in short- terra memory from earlier steps. The input to the set is an . 
element currently attended to and an affirmative result from the 
application of the criterion for set membership. The qutput is the 
element in its new spatial location. A variety of contextual informa- 
tion placed in short-term memory usually enables the individual to 
recognise the subset previously set aside by^ PLACE. ^""^"^ -.^^ 
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. DISCARD 

This primary process is closely related to PLACE since it involves, 
spatial placement of an element to indicate nonmembership in a set 
\ defined by a criterion from a 'previous step. However, DISCARD is not 
simply PLACE using the inverse criterion since DISCARD implies that 
the element is of no further interest, at least temporarily/ Previously 
discarded elements can subsequently be reconsidered tor further process- 
ing, however. DISCARD can be used to form more, than one discard set 
during the performance of a single task. Furthermore, the permanency 
of the discard may differ between sets, e.g., one set may be discarded 
for the time being while another is permanently discarded. 

ORDER , - . . . 

This is a primary process which attends to and assesses the 
magnitudes of two^ differing encoded units of information. ORDER 
sequentially evaluates^ the two magnitudes and then hierarchically, 
orders them from lesser to greater. This primary process then, | 

basically monitors the nodes activated* as a result of the. encodings. J 

i 

The COMPARE secondary process usually precedes and determines whether 
^ or not different njades were activated during encoding. If this- result^ 
in a Judgment of rionj|Comparability, it Is-^he function of ORDER 
to evaluate the tJo nodes, successively an^ to seriate them appropriately. 
The output of| ORDER can itself be viewed /as an ordinal concept, i.e.,.' 
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the activaticjn of 'a node In a network. ^This network includes nodes j 
corresponding to the concepts of "more'' and "less** (and perhaps othe/rs). 

The activation of one of these nodes makes immediately available certain 

♦ 

I 
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operational alternatives Including verbal output and appropriate ' 
serial positioning of the elements. The particular alternative to 
be executed, if any, is determined by some controlling mechanism 
which represents the strategy being employed by the individual. 

POSITION 

This Is a primary process which functions much like PLACE. It 
allows representation of information about relations between elements 
to be coded temporarily by spatial position. Whereas PLACE utilizes 
mly spatial proximi.ty POSITION uses linear sequence. Thus, POSITION - 
requires discrimination of the "greater than" and "less than" directions 
in a linear afray and one or two previously ordered elements relative 
to which the new element will be located. The process must be capable 
of spreading out the linear array to make room for a new element if 
necessary. Also, it must be able to place an element beside an 
ordered one on a line perpendicular to the array to indicate sharing 
the same position. The Input is an element, a set; of ordered elements 
with one or two distinguished as a reference, and an ordinal concept 
which relates the new and reference elements. The output is a set 
of. elements with the original order preserved and the new element 
properly positioned with respect to the reference element (s). 

REPORT ■ 



This Is the process/by which verbal responses are made. The 

■ ■ / 

input in a concept. Tde -output is a verbal label for. the concept 
embedded in an appropriate linguistic context (not necessarily a 
complete or correct stntence). 
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PRKSENT 

This is a primary process which can be used to indicate an element 
or set of elements as a task output. This miy be used to communicate 
nonverbally ^e result of a task which requires element selection or 
formation of a set of elements. The process involves a directing 
gesture and some device for delimiting the referent of the gesture. 
This could be a further gesture or a spatial scperation of the element 
or elements. ^ -^T 

DESIGNATE 

This process assigns a specific, role to an element or set of 
elements for use in further proccsjiihg. For example, vone element 
may be assigned the role of mode^' for formation of a subset. Subse- 
quent processing steps treat th^fe element in a:jnanner appropriate to 

) 

the assigned role. ' 

This process can be conceived ^as a temporary association o^ 
identifying features of the element with a conceptual node representing 
the specific role assigned. However » the role concept Is not an 
integral part of a poi)peptual network including the specific variable, 
values, observation action, etc. Rather, it is t>art of a net-work 
associated with the strategy. The DESIGNATE process is somewhat 
similar to the RETRIEVE process in that part of the input comes, not 
frorr the previous processing steps, but from some directing mechanism 
or representation of the strategy. In this case,, the perceptually 
differentiated element is the output of preceding processing steps 
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hul tho spfciric role to be assigned is not* The nature of the 

controlling mechanisms and the representation of the strategy in 

\ ' ' 

memory have not been further elaborated. 

♦\ 

In the context of the processing routine, the, input is the 
I)erceptuaHy differentiated element, and the output is that element 
assigned to the specified role. This descrij^tion of the output is 
vague, but the effect of this processing step is reflected only in 
the way the element is employed in future steps, 



\ 



SEARCH 

This is a loosely defined process which involves construction 
and execution of an action program for finding some object in this 
environment. It takes as input a concept or activated node repre- 
senting the searched-for object. The process utilizes any available 

/information from memory concerning the probable location of the object, 

\ 

routes to it^ etc., as well as any available visual scanning and 
other search strategies. The output of the process is the object 
which is then available to the individual for further processing. 

SECONDARY AND TERTIARY PROCESSES 

INFORM (variable concept variable name or value name) 

INFORM is a secondai^ process which produces a verbal report 
identifying a specific variable (see Figure 3). The input is usually 

i 

a variable concept or value concept. The output is a variable name 

or. If the vnrlnblo name cannot be, retrieved, values describing one 

\ 

or more elements on the variable. 
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Figure 3. Tlie INFORM secondary process. Input; 
Output: A vnrlable name or value names. 



A variable concent. 
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COMPARISON (variable cjoncept. Element A, Element B comparative 
concept) 

This is ^ secondary process which takes as input a variable 
concept (i.e., the nodej aqtivatcd by decoding of variable name or 
an appropriate retrieval process) and an ordered p*Lr of elements. 
It compares the elements on Jthe given variable and'outputs a com- 
parative .concept applicable to the ordered pair of elements. Thus, 
the COMPARISON process does not, ;produce a verbal report although 
it maH'es such a report iimnediately possible. Alternative steps 
might be carried out^ nf instead. The identities of the elements 

* 

and the complltison Vatiable^are maintained. Figure 4 indicates a 
parallel execution of ji^rocessing steps. This indicates the des-i^- 
ability of near simultaneous observation of the two elements. 
"Parallel processing" In the technical psychological sense is not., 
implied. Furthermore, feedback from the selecting and encoding 
steps to the ACT step undoubtedly occurs creating an active 
subsystem. Such fecdblack systems are very common, but to avoid 
oxGOSfllve complexity, are not always diagrammed. 

Si'linATIOH (variable concept. Element A, Element B ordinal concept) 

This tertiary process (Figure 5) uses as input a variable 
concept and a pair of i elements.^ It initially processes the elements 

T 

Utilizing the COMPARISON process. If the "elements are of the "same", 
magnitude on the variable observed, SERIATION outputs a comparative 
concept applicable to; the elements. If the elements are not of the 
same magnitude!, SERIATION assesses the relative magnitudes of the 
elements using the ORDER process. This process outputs an ordinal 
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Figure A, The COMPARISON secondary process." Input: A variable 
conc6t>ti Element At and Element B. Output: A comparative concept relating 
Blawifnt' A, and Element B on the input variable. 
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SKRIA- 
TION 



perform 
COMPARISON 
on Elemtnt 
A and 
Element B 




return 



Figure 5. The SERIATION secondary process. Input: A variable 
concept, Element A, and Element B, Output: An ordinal concept relat 
Element A, and Element B pn the input variable. 
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concept, "greater than" or "less than". The identities of the elements 
must he !r.^iinCained and coordinated with the ordinal concept. The 
SKRIAFlpN process does not produce a verbal report although It makes 
such a report immediately possible. Motor manipulation and sequential 
ordering of. the elements themselves arc also possiWLe. The identity 
of the seriation variable is maintained. 

MATCH (set of elements, model element, variable concept elements 
comparable to the model on the variable) 

This tertiary process (Figure 6) involves multiple applica-- 
tions of the COMPARISON process. The input is a set of elements, a 
perceptually differentiated model element, and a variable concept. 
Pairwise comparisons are made with those elements found comparable 
to the model being grouped spatially. The recycling terminates when 
all elements have been used. The output is a subset of elements, each 
comparable to the model on the given variable. The identities of the 
model and the variable are maintained. 

MATCH 1 (Set of elements, model element, variable concept an element 
(•omp;ir;tb/lc» Vo the ino»lol on the variable) 

TIiIh [vrilnji pro<-eHs Is very similar to MATCH. However, it 

terminates when /one element is identified as being comparable to the 

model (see Fi^ure^ 7). Thus, the output is a single element similar 

to the model on the input variable. 

NONMATCH (variable concept, element, set of members placed/discarded 
element dtpending on whether or not it differs from all of 
the members on the input variable) 

This tertiary process determines whether or not an element differs 

from each member of a set pn a particular variable. The process chooses 
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FlRure 6. The MATCH tertiary process. Inniit: A variable concent, 
a set of elements, and a model. Output: A subset of elements similar to 
the model on the input variable. 
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perform / 
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Flf(ure 7. The MATCH-1 tertiary process. Input: A variable concep 
a Het of elements and a model. Output: An element similar to the model 
the input variable. 
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'Standards one at a time and makes pairwise comparisons, with the 
element using the COMPARISON process (see Figure 8). 'if ;.he, element 
is the same as any member, it is discarded. If it differs from 
all of them, it is placed with them and is dtselt designated a 
member. 

PROCESSING ROUTINES, • / 
In this' section,. prbcessing routines in the form of flowcharts* are 
described which represent solution alternatives for a set of tasks 
based on the variable-vAlue analytic network (Smith, 1972). Xbe . 
fundamental processes involved are identified by name in the 
flowchart*. Rectangular boxes represent primary processes while 
square boxes represent secondary or tertiary processes. 

PROCESSING ROUTINES FOR DESCBlPTION TASKS 

Processing routines are presented for three description tasks. 
The tasks (Table 1) require pairit.g an element with one or more 
descriptive values utilizing an observation procedure. The strategies 
devised for these tasks (Figure 9-11) involve matching an element to 

^one of a set of standard elements for a variable. Pairwise compariso(is 
are utilized in the matching secondary processes MATCH and MATCH-1. 

,The standardanay be labeled or not. If unlabeled, the individual 

must be able to retrieve the appropriate value label for a standard 

from long-term meifiory. Although this approach appears cumbersome 

and somewhat /Superfluous for some^^fa^ values such as the primary 

ft 

colors, it provides a means for dealing with new, unfamiliar value's. 
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Flj^ure 8, The NONMATCH tertiary protess. Input; A vari^le concept, 
an element, and a set of members. Output: A placed/discarded eJ^ement, depend- 
ing on whether or not the element differ's from all the members on the input 
variable. 
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Figure 9. Processing routine for the directed description 
(emplovlnR standards). 
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I'lgure 10. ' Prbcesslng routine for the nondlrected description task 
(emplovlnj^ standards). 
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Figure 11. Processing routine for the element selection task 
(emplftving standards) . 



More importantly, it provides a basis for development of measurement 
strategies, and the use of unit standards of measurement .in particular. 
It can be short circuited when the individual attains sufficient 
•familiarity with the relevant features and labels. 

PROCESSING ROUTINES FOR COMPARISON TASKS 

The comparison tasks (Table 2) involve a single set or subset of 
elements exhibiting a particular comparative relation (similarity or 
difference) on a variable (e.g., a set of teeth all having similar 
forms). All of the processing roOtines for these tasks (Figures 12-17) 
involve using spatial grouping to indicate subset membership, ylesignating 
the first element chosen to serve as a subset model, and' scanning for 
unused .elements as a basis for determining whether or not to continue 
in a processing loop. They utilize pairwise comparison of an element 
and a model with the placement of the element in the subset contingent 
on the result. The routines for the subset formation and comparison 
variable identification tasks using the difference criterion (Figures 
15 and 17) have one level of recycling embedded in ano^ther. The inner 
loop compares a new element with each member already in the subset. 
The outer loop obtains new elements one at a time until none remain. 

PROCESSING ROUTINES FOR SORTING TASKS 

The sorting tasks (Table 3) involve exhaustive placement of 
elements into subsets based on similarity on a variable (e.g., leaves 
sorted according to the type of edge they possess)... The strategy 

employed in the routines of these tasks (Figures 18-20) involves 
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FlRure 12./ Processinjt routine for the directed comoarlson task. 
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Figure 13. Processing routine for' thfe nondirected comparison task. 
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Figure lA, Processing routine for the subset formation task with 
the similarity criterion. 



57 



\ INPUT: set of 
\ elements , vari-/ 
Vible name 



SCAN 

elements 



DECODE 
variable 
'name ^ 



CHOOSE 
element 



perform 
NONMATCH 
on element 
and members 



SCAN 

elements 




Yet 



PRESENT 
subset ot 
elements 



DESIGNATE 
element as 
a member 



CHOOSE 
an unused 
element • 




Figure 15- Prdcessinp. routine for the subset formation task with 
the difference criterion* 
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Figure 16. Processing routine for the similarity variable identifica- 
tion task. 
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Kipure 17. Processing routine for the difference variable identifica- 
tion task. - — 
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Figure 18. ProcesslnR routine for the directed sorting task. 
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Figure 19. Processing routine for the nondirected sorting task. 
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Figure 20. ProcesslnR routine for the sorting variable Icjentlflcn- 
tlon ta»k. 
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choosing an element to use as a model and then identlfving all other 
elements similar to it on the sorting variable, temporarily . discarding 
all others. This is repeated with the remaining elements until all. 
are sorted. This is essentially a repetitive use of K:he strategy 
employed for the comparison tasks with the similarity criterion. As 
with the comparison task routines, spatial grouping is used to indicate 
subset membership, and individual elements are specified as subset 
models. The ^repetitive use of the subset formation strategy requires 
two levels of recycling. One depends on there being unused elements 
during the formation of a subset, while the other depends on there, 
being unplaced elements remaining after ^orapletion of a subset. 

The sorting variable identification routine (Figure 20) has two 
parts. K The firat determines whether or not all elements in each subset 
are si^iVar on the variable under consideration and involves the strategy 
fust de'gcrtbed. The second part determines whether or not all the 
HiibKPt-H cllffer from f»nch other on the variables. The strategy employed 
hiMi- Invulvrn rliHMfilnK .hi fliMiii«nt.n'rom one HtibHcC and comparing it to 
iitir i-li'inrni rlio-siMi i rnm cnrU nf ten other BuhsetH. If It differs 
from all of them, its subset is set aside and an element from a 
second subset is compared to one from each of the remaining subsets. 
This is repeated^Aintil only, one subset remains or until similar sub- 
sets are detected. The detection of similar subsets indicates that 
an inappropriate variable was chosen and the entire routine is re- 
peated with another variable. 
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PROCESSING ROUTINES FOR SERIATION TASKS 

The seriation tasks (Table A) Involve sets of elements ordered ^ 
along a specific variable. The three taska parallel the sorting ^ 
tasks. That is, there are ditrected and nondirected seriation tasks, 
and a seriation variable identification task. The routine for the 
directed seriation task was presented and briefly described earlier 
(Figure 2). The strategies for this and the other seriation tasks 
(Figures 21 and 22) utilize spatial representation of the order on 
the seriation variable. The same strategy Is employed in the directed 
and nondirected seriation tasks. It involves selecting one element 
and considering it the first member of an ordered set. Other elements 
are selected one at a time to be striated on a pairwise basis with 
previously* ordered elements. At any time during performance of 'the 
task, the previously considered e?.ements or "members" are completely 
ordered. The selection of the member (ordered element) with which 
to beptn comparlnj^ n new element is open, thus allowing for educated 
yjwHiU'ti. Hiirr a .*u;nHi;inJ lin.s been selected, howovnr, systematic 
l>ro«ft»HKlon up or <loWn l\w ordered set is employed to locate the 
correct position for the new element. Poor first guesses will be 
corrected by this procedure. The strategy requires that the "greater" 
and "lesser" directions be recalled throughout the task* ; 

The strategy employed in the routine for the seriation variable 
identification task (Figure 22) involves starting at one end of the 
spatidlly ordered set, determining the order of the first pair of 
eiements on the variables being tried, and then carrying out systematic, 
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Figure 21. Procee«ln$ routine for the nondlrected mjrletion t«ek. 
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palrwlse comparisons aldng the sftt to see if the same order holds for 
each adjacent pair. If subsequent pairs reverse the order, the routine 
is begun again and a new variable is tried. Pairs found to be the 
same on the variable do not effect the result unless all are found to 
be the same. This strategy requlsres that the original order of the 
elements be carefully maintained, \*e.^ the member and the new element 
must not be confused* 

DISCUSSION ' 

The processing routines presented above describe how their 
corresponding tasks might be performed. Along with definitions of 
the fundamental processes, they represent hypotheses about skills' 
involved in task performance. These hypotheses can guide the design 
of Instruction for the tasks. In particular, they provide a basis 
for specifying outcomes at the skill level, for specifying assessment 
procedures, for sequencing outcomes, and for identifying useful 
Instructional strategies. Two levels of skills are made explicit in 
the processing routines presented in this paper, the specific process- 
ing skills represented by the primary processes, and the coordinating 
skills represented l^y the sequences of processing steps. Specific 
processing skills must be acquired with each new systemic network 
(specialized conceptual system) for which the tasks will be performed. 
For example, the capacities to decode and retrieve variable and 
variable names, to retrieve and carry out new observation actions, 
and to select and encode relevant sensory input must be acquired for 
each new set of systemic content, regardless of previous learning with 
similar seta of content. 
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In addition to the specific processing skills, coordinating 
skills must be acquired' which contrdl the sequencing of specific 
processing steps in carrying out tasks* In the early stages of 
learning for a task, these coordinating skills may also be specific 
to" systemic networks. As similar processing routines are mastered 
for each of a series of parallel systemic networks, the sequence of 
processing steps may become abstracted and represented in a general < 
form. Subsequent execution of a similar routine with a new systemic 
network can then take place without special instruction so long as 
the specific processing skills for that network have been acquired 
in some other context. The abstracted sequence of processing steps 
is referred to as a strategy * Prior to the functional acquisition 
of a strategy, the sequences of processing steps must also be acquired 
for each new systemic network* 

'implications for sequencing instruction 

A primary ^consideration in the sequencing of instruction for a 
set of tasks is the extent to which they involve common skills. A 
.preliminary determination of these relationships can be made by com- 
paring the processes and strategies Involved in the processing routines. 
Table 5 indicates the fundamental processes InvolveH In the routines 
for each of the tasks analyzed* The table shows that all the routines 
Involve about the^ same number of different primary processes (10 to 12). 
Furthermore, there is considerable similarity in the primary processes 
involved in the different routines. Seven of these (SCAN, CHOOSE, 
RETRIEVE, ACT, SELECT, ENCODE, and COMPARE) are used in every routine* 
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DESIGNATE, which assign* a particular role (c,g., "model'-) to an 
element for processing purposes, is employed in all the routines 
except for those for the description tasks. All of the routines 
utilize spatial piacement— PUCE,. DISCARD, and/or POSITION--t<^N^ 
represent decisions made about elements. The verbal processes 
DECODE and REPORT are used in some of the routines for each of the 
basic kinds of task (description, comparison, sorting and seriation).. 
The tasks which do not require REPORT do require PRESENT, usually a 
nonverbal presentation of the results of a task. SEARCH is utilized 
only in the description tasks where sets of standard elements are 
required. ^ 

The sequencing of tasks on the basis of the specific processing 
Wills involved assumes that one task requires only a subset of the 
aWll« required in another. Although there is a considerable overlap 
in^the sptcific processing skills required for the tasks analyzed, no 
hierarchical pattern is evident. This is not unexpected since these 
tasks were all selected as terminal tasks. If add^.tional, en route 
tasks are required, they will have to be selected using a hierarchical 
relationship to the tasks analyzed in the present paper as a criteirion. 
The processing routines can be used to generate such. tasks. Portions 
of • routine can often be made into separate tasks by adding appropriate 
input and output steps. 

Consideration of the coordinating skills involved in task^ is also 
important in sequencing instruction. For example, the processing routine 
for the similarity subset formation task (Figure 13) involves choosing 



one jLleoent which, is designated as a model and then comparing it to 
each of the other element. , placing thoae which are similar to it in 
.a- group and discarding all the others.'- In the sorting tasks (Figures 
17 and 18). this same sequence is used repetitively until all the 
elements have 'been placed in some group. Performing the sorting ta§Jtj 
is not exactly like performing the similarity subset formation task 
several times since, in the sorting task, the discarded elements from 
one cycle mUst be designated as the unused exemei^ts for the next, and 
the recycling must be contingent on Xhere being unplaced elements. 
However, the subset formation task routine forms the core of the 
sorfiing task routine. Considerable positive. transfer to the learning 
of the sorting task routines. would be anticipated from, the prior 
learning of the subset formation task routine. 

A sharing of common coordinating skills is indicated by the 
occurrence of .the same secondary or tertiary process in two or more 
processing routines. A. indicated in Table 5, every task routine 
Involves the COMPARISON secondary procew (Figure 3). The sequence 
of primary processing steps involved (RETRIEVE, ACT,' SELECT, ENCODE, 
and COMPARE) represents a .core of skills basic ,to the performance 
of all the tasks analyzed. ORDER Vs added to the sequence in the 
SERIATION tertiary process (Figure A). .The similarity subset forma- 
tion and sorting tasks discussed above share the MATCH tertiary process 
(Figure 5) . This process identifies a subset of elements similar to 
a model element on a specific variable. MATCH is also used in the 
element selection task routine. Two other task routin^es use a. similar 



tertiary process^ (Figure 6) which terminates ^en pne 

element has been found which matches the model. 

Three task routines utilisce the NOHMATCH tertiary process 
(Figure 7) to determine whet2^ier or not new elements differ fjom all 
members of a given set. This process is part of ^^strategy common to 
the difference subset formation task (Figure 14), the difference - 
variable identification task (Figure 16) and the second part of the 
sorting variable identification task (Figure 19). This strategy 
involves the repetitive use of NONMATCH to identify a set of elements 
all of which differ from one another on a variable, or to determine 
whether or not a set of elements meets that criterion. 

Several tasks require the performer to report the identity of the 
variable wfth which the task has been carried out. The 'routines for 
» these tasks employ the INFORM secondary process. In this process the 
preferred response is to name the variable. However, if the variable 
name cannot be retrieved, values which describe ^the elements on that 
variable may be used ^f*g*> the^ subset formation* tasks. Figures 13 
and 14). ' * ^ 

In addition to the setiuences of processing steps identified as 
secondary or tertiary processes, certain short sequences of primary 
processes recur in several routines. One such sequence is the SCAN- 
CHQOSE-DESIGNATE, sequence which arbitrarily designates one element 
as the first member of ^a particular subset. In some ca^es the element 
is ^designated as the model for a subset of elements, all of which will 
be similar to it on 'a particular variabfe (e.g., in the similarity 
subset formation task. Figure 13). In other cases, the element is 
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simply a member which must be. taken into account when any additional 
elements are considered for membership (e.g., in the difference subset 
formation task, Figure 14, and the seriatlon tasks. Figures 3 and 20). 

Another short sequence is employed in the routines which recycle 
until ail of a set oi elements has been dealt with. This sequence 
involves a SCAN step with recycling to a CHOOSE step contingent on 
there being unused elements remaining. This sequence occurs in 
13 of the 15 routines and is part of the MATCH, MATCH 1 and NONMATCH 
processes. 

RELATIONSHIPS TO HIGHER LEVEL TASKS 

The processing routines for the description tasks utilize COMPARISON 
with a set of standard elements. By introducing ordered standards for 
quantitative variables, and then standards representing n unit standards, 
this strategy leads to a measurement strategy appropriate for additive ^ 
variables such as weight, length, fpr-ee, etc. Finally, the' set of 
standarBs can be , rep laced by a large number of unit standards (e.g*, 
rods one inph long) from which the observer crea^tes a "standard" which 
matches the given element on the variable. Measuring devices such as 
spring scales can be introduced (and calibrated) by observing the 
effects of varying numbers of unit standards on the device. 

The strategies developed for the sorting and seriatlon tasks 
'provide components of strategies for discovering simple relations 
between variables (correlations). The strategy for sorting a set of 
elements c^n be employed first for one variable followed by use of 
the sorting variable identification strategy to identify another 

/ 
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variable on which the elements were simultaneously sorted* A similar 
-st^tegy could be employed incorporating the seriation taak stratefeies. 
Of course the relations discovered would not necessarily hold for 
' elements other than those observed. Strategies for appropriate 
sampling 'of sets of elements are required for determining the- ^. 
generality of observed relations between variables. However, the 
strategies described above would still be' useful in dealing with the 
samples. 

The designation of a particular element as a. model for a subset - 
in several of the processing routines is reminisce^ of the use of 
an example in the focusing strategies discussed in the concept attain- 
ment literature (Bruntr et al >, 1956). It is quite possible that the 
simple "focusing" strategy described in this paper could be the first 
step in the development of more complex strategies' which focus on a 
particular element to systematically generate and/or represent lists of 
variables, hypotheses., etc. 

One of tl^e primary reasons for the selection of, the tasks analyzed 
in this paper ak^terminal tasks for a primary grade science curriculum 
was that they function to infonir the person performing them, i.e., 
^they represent useful^ inquiry tasks. However, unless learning these 
tasks contributes to the performance of higher level tasks further along 
in the curriculum, thejir impact on the total inquiry behavior of the 
learner will be minimal. It^as anticipated that the tasks selected 

could be used to facilitate th^ learning of routines for higher lever- 

\ 

tasks. The above examples of reDitions between the routines preserrted 

\ 

in this paper and higher level taskS\ provide additional support for this 
assumption. 
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IMPLICATIONS FOR INSTRUCTIONAL PROCEDURES 

The processing routines described above provide direct. input 
for designing instructional procedures. Three kinds of instructional 
procedures are iiranediately apparent: 1) demonstration, 2) guided 
performance, and 3) task decomposition. As implied by the name, the 
first procedure involves step-by-step demonstration of the processing 
routine to the learner prior to requiring him to execute it. In the 
guided performance procedure,' the learner is guided step-by-step 
through the routine prior to being required to execute it indepen- 
dently. In the task djccomposition procedure, the learner masters 
a set of subordinate tasks which utilize components of the original 
routine before he Is required to' perform the routine in its entirity. 
In many cases, instruction may usefully employ combinations of these 
procedures. 

Both the demonstration and guided performance proct^dures can 
vary in the level of detail of verbal information provided as 
explanations or instructions. In the case, of demonstration, the 
verbal information would direct attention to what the demonstrator 
is doing. In the case of guided performance, the verbal, information 
would inform the learner, in .the context of the item, what to do next. 

Consider the similarity subset formation task routine (Figure 15) 

as an example. Demonstration and guided performance instructional 

/ 

procedures for this routine are illustrated^ in Table 6. The item 
Involves forming a subset of sea shells having the same shape. , 
Much the same verbal information is^ provided for the two procedures. 
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TABLE 6 

SAMPLE DEMONSTRATION AND GUIDED PERFORMANCE INSTRUCTIONAL 
PROCEDURES FOR THE SIMILARITY SUBSET FORMATION TASK 



Demonstration Procedure 



Guided Performance 
Procedure 



* A group of sea shells is presented. 

"I am^ going to find some' shells which 
,are the same shape." 

"Firsts am going to choose one shell 
to use as a model. " 

A shell is chostn* 

"How I can find the ones that are the 
same shape as my model. " 

"I'll find another shell and see if it 
is the same shape as my model. " 

A second shell Is chosen and compared 
to the model* 

"This shell is the^same shape as the 
modelj so I will put it in a special 
place right in front of me. " 

The shell Is placed In front of the 
'demonstrator but apart from the 
unused shells* , 

"It is not the same shape as the model 
so I will put it off to the side so 
T won't choose it again." 

The shell Is placed to the side, well 
awav from the unused shells. 



A group of sea shells Is presented* 

"I am going to help you to find some 
shells which are the same shape. " 

"First^j choose one shell to use as 
a model. " 



A shell Is chosen* 

"Now. you can find the ones that are 
the same .shape as your model. " 

"Find another shell and see if it is 
the same shape as my model. " 

A second shell is chosen and comoared 
to the model. 

'fis it the same shape as the model?" 

Yes "Put it in d special place 

right in front of you. " 

No "Put it off to the side so you 

won't choose it again." 

The learner puts the shell in the 
appropriate location* 

etc* 



etc* 

When all the shells have been compared 
with the model, the last part of the 
routine Is carried out. 



When all the shells have bee 'comnared 
with the standard, the last part of the 
routine is carried out* 
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Demonstration Procedure 



Guided Performance 
Procedure 



J'Thevfi are no more shells to look at." 



"The jnodel is the same shape as all 
these, so I will put it here, too* " 

/ "All these shells have the same shape* " 



Demonstrator gestures, indicating the 
shells placed together in front of him. 



"Ave there any more she He r.* \\'' 
at?" No 

"The model is the same shape as all 
those in the special place, ^o you 
can put it there too* " 

"Show me some shells which have the 
same shape?" 

The learner gestures, indicating the 
shells placed together in front of him. 



'J 
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The illustrated procedures assuaed that the learner had previously 
learned about the shape variable. If this were not the ^ase, .then 
a task decomposition procedure might be employed, A task routine 
could be formed which did not require DESIGNATE, PLACE, DISCARD, or 
any recycling; it would include Just the COMPARISON process and some 
simple input and output steps. Such a routine is illustrated in 
Figure 23. 

It is quite likely that all these kinds of instructional 
procedures will be useful with the tasks analyzed in this paper. 
The processing routines should prove very useful in generating 
instructional altemativea using these kinds of procedures. 
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^namc. Element k,/ 
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"same" 
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SCAN 
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/ tame 



REPORT 
"No" 



REPORT 




Figure 23. Processing routine for a task subordinate to 
' similarity subset formation task. 
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